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PENETRATION RESISTANT FABRIC WITH MULTIPLE 
LAYER GUARD PLATE ASSEMBLIES AND METHOD OF 

MAKING THE SAME 

5 CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part 
of U.S. Patent Application Serial No. 09/610,748, filed 
July 6, 2000, the priority of which is claimed, and the 
content of which is incorporated herein by reference in 
10 its entirety. 

BACKGROUND OF THE INVENTION 
The present invention relates generally to 
a puncture, pierce and cut resistant fabric. More 
particularly, the present invention relates to a 

15 fabric with the aforementioned characteristics that 
also has outer surface or layer with properties 
tailored to specific applications such as being more 
wear resistant or having a higher friction 
coefficient to resist slippage when the fabric is in 

20 contact with an article. 

Various forms of protective fabrics have 
been advanced and used to form protective garments 
such as gloves, aprons and arm guards and the like. 
Besides providing protective functions such as cut 

25 and puncture resistance, the fabric material may also 
have to be flexible, durable, resist abrasion or 
improve or allow the gripping or holding of objects. 

Many forms of protective garments have 
utilized fabrics made from woven or non-woven forms 

30 of fibers and yarns. Some commonly used fibers 
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include cellulose (cotton) , polyester, nylon, aramid 
(KEVLAR) , acrylic and Ultra-High Molecular Weight 
Polyethylene (Spectra) . Nevertheless, it is often 
difficult to achieve all the desired performance 
5 characteristics in a protective fabric for a specific 
application when fibers are used to form the 
protective fabric. For example, an aramid fabric has 
high tensile strength and is ballistic resistant, but 
the fabric is nevertheless weak against abrasion, 

10 degrades upon exposure to sunlight, and offers little 
puncture resistance against sharp, needle-like 
objects. As another example, fabrics made of nylon 
are strong and have good abrasion resistance, but the 
nylon fabric has low cut resistance against sharp 

15 edges as well has poor thermal and chemical 
(particularly acid) stability. In general, comprises 
usually have to be made when using a pure fabric, 
especially in high-performance fabric applications. 

Recently, a new fabric design that 

20 integrates a fabric substrate with rigid, 
disconnected platelets or guard plates has been 
advanced by HDR, Inc. of St. Paul, Minnesota and 
distributed under the trademark SuperFabric®. 
Generally, this fabric design includes a plurality of 

25 guard plates that are thin and formed of a substance 
chosen to resist a penetration force equivalent to 
that exerted by a cutting force of the level and type 
for which the fabric is to be used and for which it 
is designed. In a very convenient embodiment, a 
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polymer resin is used as the material forming the 
guard plates. The resin can be printed on the fabric 
substrate in a design that thereby forms spaced-apart 
guard plates. The resin penetrates into the fabric 
5 substrate and when cured, forms a strong bond 
therewith. The composite nature of the fabric makes 
it possible to realize locally (in an area comprising 
one or a few guard plates) hard, puncture and cut 
resistant plate features. However, at the same time, 

10 the fabric exhibits global softness and flexibility 
due to the flexibility of the fabric substrate and 
the spaced apart relationship of the guard plates. 

Although the guard plates are particularly 
hard and thereby resist puncture, fracture, or 

15 cutting, and when bonded to the fabric substrate, 
resist separation and prevent puncture or cutting 
between the guard plates, the characteristics that 
provide these features may not be entirely suitable 
for all applications. For instance, some applications 

20 may require a higher degree of wear resistance, while 
others require a tactile surface that improves grip. 
Accordingly, there exists a desire to address the 
needs of these applications. 

SUMMARY OF THE INVENTION 

25 One aspect of the present invention 

includes a fabric having a fabric substrate and a 
plurality of guard plate assemblies affixed to the 
fabric substrate in a spaced relationship to each 
other. Each guard plate assembly includes a first 
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layer of material affixed to the fabric substrate and 
a second layer of material joined to the first layer 
of material on a surface opposite the fabric 
substrate. The second layer of material has 
5 characteristics different than the first layer of 
material and are chosen commonly to meet the demands 
of the application to which the fabric is designed. 
For instance, the second layer of material can have a 
surface property that is more resistant to wear than 

10 the first layer of material, whereas the first layer 
of material is chosen based on its ability to bond 
with the fabric substrate and/or resist puncture or 
cutting. In an alternative embodiment, the second 
layer of material can have a surface property that 

15 has higher friction than the first layer of material, 
which would allow, for example, the fabric to hold an 
article without slipping, for example, when the 
fabric is constructed as a glove. Generally, the 
multi-layer construction of the guard plate 

20 assemblies enables the fabric to be designed to meet 
a wide variety of durability, wear and tactile 
considerations through selection of the material 
forming the second layer, while still maintaining 
cut, pierce and puncture resistance requirements. 

25 Although discussed above where each guard plate 
assembly comprises two layers of material, it should 
be understood that additional layers can also be 
included in some or all of the- guard plate 
assemblies . 
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A second aspect of the present invention 
includes a method of making a fabric comprising the 
steps of bonding spaced apart guard plates formed of a 
resin on a fabric substrate; and coating an upper 
5 surface of each of the guard plates with a second 
material that is different than the resin. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a top plan view of an exemplary 
fabric of the present invention having spaced-apart 
10 guard plate assemblies. 

Fig. 2 is a schematic sectional view of a 
first embodiment of the fabric of the present 
invention. 

Fig. 3 is a schematic sectional view of a 
15 second embodiment of the fabric of the present 
invention. 

Fig. 4 is schematic sectional view of a 
third embodiment of the fabric of the present 
invention . 

20 Fig. 5 is a top plan view of a fourth 

exemplary fabric of the present invention having 

spaced-apart guard plate assemblies. 

Fig. 6 is a schematic sectional view of the 

embodiment of Fig. 5. 
25 Fig. 7 is a schematic sectional view of a 

fifth embodiment of the fabric of the present 

invention . 
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Figs. 1 and 2 illustrate a portion of an 
exemplary embodiment of a fabric 10 of the present 
invention. Generally, the fabric 10 includes a 
plurality of guard plate assemblies 14 affixed to a 
5 fabric substrate 16 in a spaced relationship to each 
other. Referring specifically to Fig. 2, each guard 
plate assembly 14 includes a first layer of material 
18 affixed to the fabric substrate 16 and a second 
layer of material 20 joined to the first layer of 

10 material 18 on a surface 22 opposite the fabric 
substrate 16. In the embodiment illustrated, each 
guard plate assembly 14 has an outer circumferential 
shape of a hexagon, which is only exemplary in that 
other shapes or other combination of shapes can be 

15 used. In addition, the arrangement of the guard 
plates can be of a regular and repeating pattern; 
however, in other arrangements, a random or irregular 
spaced-f illing arrangement such as a Penrose tile 
arrangement can also be utilized. Also, each guard 

20 plate assembly 14, and the layers 18 and 20 forming 
the guard plate assemblies 14 can be planar, but need 
not be. 

In one embodiment, each guard plate layer 
18 and 20 can be constructed from various types of 
25 heat or ultraviolet (UV) cured resins wherein each 
component layer can primarily perform a different 
function in fabric, depending on the material used 
for the layer. The types of resin selected are 
determined by the demands of the particular 
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application. Usually, the second layer 20 of the 
guard plate assembly 14 is selected for wear, 
durability or friction characteristics for a specific 
application. For example, some suitable second layer 
5 materials can include, but are not limited to, 
polyurethane 2040 or PVC Plastisol to provide a 
desired coefficient of friction, surface hardness, 
elasticity, or to provide increased wear resistance. 

Commonly, the first or bottom layer 18 of 

10 the guard plate assembly 14 is a resin selected for 
its cut, pierce, or puncture resistance, durability 
and/or bonding characteristics to the fabric 
substrate 16 as well as its bonding characteristics 
to the top or second layer 20. One suitable material 

15 for the first layer 18 is an epoxy. Good adhesion or 
bonding to the fabric substrate 16 is desired because 
the fabric substrate 16 functions to limit the amount 
of space or gap 2 6 between adjacent guard plate 
assemblies 14, thereby inhibiting penetration of a 

20 sharp object through the gap 26. Gaps 26 are desired 
between adjacent guard plate assemblies 14 in order 
to maintain flexibility of the fabric 10, which 
allows the fabric 10 to exhibit properties of 
softness, bendability and twistability . 

25 Although not directly concerning the 

concept of multi-layer guard plate assemblies, the 
fabric substrate 16 is typically also chosen to 
fulfill desired performance characteristics. For 
instance, the fabric substrate 16 can comprise a 
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single layer of fabric (woven or non-woven) , or 
include multiple layers as described in co-pending 
application Serial No. 09/610, 748, filed July 6, 
2000, which is hereby incorporated by reference in 
5 its entirety. Other considerations for the fabric 
substrate 16 can include compressibility and elastic 
properties. In some applications such as surgical 
gloves, the guard plate assemblies must be printed in 
a tight array with minimal space between each plate 

10 assembly to maximize the percentage of surface area 
that is protected. In response to this, a process 
mobilizing metal wire mesh (which does not cure under 
UV rays) is used. During the next step, a UV-curable 
resin flows through the metal wire mesh to adhere to 

15 the fabric. Once it is UV-cured, guard plates 
assemblies 14 are formed where the resin was, with 
gap areas left by the wire mesh. After this, the 
wire mesh is etched away, resulting in a tight guard 
plate assembly arrangement. 

2 0 Although the requirements of many 

applications can be accomplished by using a two- 
layered guard plate assembly. It should be understood 
that more layers, such as an additional layer of 
epoxy, can also be used as illustrated in Fig. 3 at 

25 24. In addition, the guard plate assemblies 14 can 
include reinforcing elements such as particles and/or 
steel mesh. Metallic, ceramic or glass particles or 
beads can also be inserted into the guard plate 
layers to provide strength and durability. 
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The guard plate assemblies 14 are 
manufactured using a combination of curing and screen 
printing processes. The following is an illustration 
of how guard plate assemblies for paper handling 
5 gloves can be manufactured. In this example, the 
polymer resin used for the first layer 18 of each 
guard plate assembly 14 is a one-part heat-curable 
epoxy resin. The resin is in a paste-like state 
suitable for screen-printing and is set through heat 
p 10 curing at 120°C degrees for one hour. The first layer 

H 18 of each of the guard plate assemblies 14 provide 

£p cut/puncture protection and enhance the overall 

durability of the fabric 10. The second layer 20 of 
u each guard plate assembly 14 , in this exemplary 

y* 15 embodiment, can be formed from a PVC Plastisol. The 

;1 Plastisol generally comes in the form of liquid 

M= suspension of PVC particles. The PVC particles 

y s coalesce into a continuous matrix upon heating. The 

set temperature is at 320 °F for two minutes. The 
20 resulting layer 20 has a cured hardness of Shore A 
80, yet the layer 20 is tacky to the touch and has a 
high friction coefficient against many dry surfaces 
such as paperboard. 

The guard plate assemblies 14 are formed on 
25 the fabric substrate 16 using a screen-printing 
technique. A screen is first used to provide the 
first layer 18, which is then cured, or at least 
partially cured. When using the Plastisol as the 
second layer 20, Plastisol should be printed before 
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the first layer 18 of epoxy is cured, or after the 
epoxy layer is only slightly cured in order to 
achieve good adhesion between the two guard plate 
layers 18 and 20. This can be achieved by using two 
5 screens, each with a different thickness. For 
example, the first screen can have a thickness of 300 
microns, and the second screen can have a thickness 
of 700 microns. The screens can be mounted on two 
separate stations. The fabric substrate 16 is 

10 positioned on a print base that can be repositioned 
to the second print base with suitable registration. 
After the first print is done, the print base is 
rotated to the second print station. The control of 
registration is such that the print base maintains 

15 the space registration relative to the second 
printing screen as that relative to the first 
printing screen. With such control of registration, 
the second layer 20 can be deposited directly on top 
of the first layer 18. 

20 At this point, it should be noted that 

registration error can exist during printing of each 
of the layers 18 and 20, causing, for example, 
material forming the second layer 20 to partially 
fill or fill the gaps 26 between adjacent guard plate 

25 assemblies 14 as illustrated in Fig. 4. Although the 
additional material 28 in the gaps 26 may cause 
increased stiffness of the overall fabric 10, the 
fabric 10 still may have characteristics of 
flexibility that meet many applications. Therefore, 
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it should be understood that in alternative 
embodiments of the present invention, partial filling 
or even filling of the gaps 26 between at least some 
of the guard plate assemblies 14 is still considered 
5 part of the present invention, particularly, if the 
material forming the second layer 20 is flexible. 
Similarly, although complete coverage of the first 
layer 18 of material by the second layer 20 of 
material is generally desired. In some applications, 

10 substantial coverage (greater than 75% coverage of 
the area of the first layer) may still be adequate 
for some applications. Although described above with 
respect to using two print stations, a multiple layer 
guard assembly 14 can also be created by other forms 

15 of coating the first layer 18, such as by spraying 
the material of the second layer 20 over the first 
layer 18, after the first layer 18 has been bonded to 
the fabric substrate 16. 

In yet another alternative embodiment as 

20 illustrated in Figs. 5 and 6, the fabric 10 can 
include a second plurality of guard plate assemblies 
30 having a second layer or upper layer 32 that is 
different than the second layer 20 of the first 
plurality of guard plate assemblies 14. In the 

25 embodiment illustrated, the second plurality of guard 
plate assemblies 30 can be a multi-layer guard plate 
assembly having construction similar to the first- 
mentioned plurality of guard plate assemblies 14, or 
alternatively, be a single layer, for example, formed 
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only of the same material as used as in the first 
layer 18. This construction may be helpful when a 
particular application requires a softer or tackier 
surface (provided in this example by the second layer 
5 18 of material) in order to provide sufficient 
friction for contact with dry surfaces, while for wet 
surfaces, a harder surface property is desired, which 
is provided by the second plurality of guard plate 
assemblies 30. 

10 Another unique feature of the guard plate 

assembly 14 design is that the manufacturing 
technique for the guard plate assemblies 14 can be 
modified to customize the morphology or structure of 
the guard plate assemblies 14. The following 

15 illustrates how the guard plate assemblies 14 can be 
constructed with the second layer 20 having a smooth 
curved surface, which can be ideal for abrasion for 
resistant toes of industrial or outdoor boots. When 
using resins such as epoxy, it is often difficult to 

20 create a smooth surface due to the high viscosity of 
the epoxy resin. In this embodiment, the resin used 
for the smooth upper surface layer is either diluted, 
or a lower viscosity resin is chosen to make it less 
difficult to form as a layer. The second layer or 

25 upper layer 20 of resin is placed upon the first or 
lower layer 18 of resin, which is plate-like in 
shape. The second layer 20 spreads and generally 
distributes evenly into a smooth curved-like shape 
with edges of the second layer 20 generally 


-13- 


coincident with the edges of the first layer 18. Edge 
registration between the layers 18 and 20 is obtained 
due to a "pinning" effect when liquids are placed on 
a flat surface that has edges that sharply drop off. 
5 In other words, the edges tend to hold back or "pin" 
the liquid at the edges. In addition, the surface 
tension effect causes the second layer 20 to form a 
smooth curved surface as in FIG. 7. Both layers 18 
and 20 of resin are held in place by using a 

10 different screen print underneath each layer, and the 
second layer 20 is then deposited onto the first 
layer 18. The resulting multi-layered guard plate 
assembly is smooth on the surface for a scratch-free 
and aesthetic properties, as well as cut and abrasion 

15 resistant. 

Although the present invention has been 
described with reference to preferred embodiments, 
workers skilled in the art will recognize that 
changes may be made in form and detail without 
20 departing from the spirit and scope of the invention. 


